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method and 
for correcting a 
in a linearization 
power amplifier, 
♦he loop comprising an I/Q 
modulator (10), one or more 
delay-causing power amplifiers 
(13) to be linearized, an I/Q 
demodulator (11) for generating 
I and Q feedback signals 
from the output signals of 
the amplifier (13). difference 
means (20, 21) of the I and 
Q branches for generating I 
and Q difference signals from 
the I and Q feedback signals 
and the I and Q input signals, 
the I/Q modulator and the 
I/Q demodulator receiving an 
oscillator frequency from the 
same local oscillator (14), and 
a phase shifter (17), the method 
comprising determination of 
a phase error resulting from 
the delay produced in the 
linearization loop, which 

determination comprises feeding excitation signals to the I and Q inputs (LIN, QJN) of the linearization loop, measuring the signals 
resulting from the excitation signals and calculating a phase error by means of the measured signals and excitation signals, and correcting 
the phase error by adjusting a phase of a local oscillator signal passing to the I/Q modulator or I/Q demodulator by means of a phase 
shifter (17), whereby on determining the phase error the signals resulting from the excitation signals are measured from the I and Q 
difference signals or the 1 and Q input signals of the I/Q modulator (10) and the phase determination is performed while the linearization 
loop is closed. 



I/Q 
Oem 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


1L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NF, 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SI) 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/25421 




PCT/FI99/00883 



1 

Method and arrangement for correcting phase error in 
linearization loop of power amplifier 

BACKGROUND OF THE INVENTION 

The invention relates to amplifiers and in particular to a method and 
5 arrangement for linearizing power amplifiers. 

Linearized amplifiers are needed, for instance, for modern digital 
wireless communication systems, because of the requirement that the spec- 
trum of a signal to be transmitted must not spread outside the actual useful 
band. Spreading of the spectrum results from non-linearity of amplifiers and it 

10 causes interference to adjacent channels, for instance. The linearity of ampli- 
fying stages depends on how they are biased and they can be classified ac- 
cording to linearity: a class A amplifier is the most linear but its efficiency is 
poor, whereas a class C amplifier's efficiency is good but it is at the same time 
highly non-linear. Good efficiency is an important property in power amplifiers, 

15 and this is particularly emphasized in wireless communication devices whose 
battery capacity is limited. Therefore, amplifiers that have good efficiency but 
are non-linear and need to be linearized are used. 

One known method of linearizing a non-linear radio-frequency 
power amplifier is Cartesian feedback. In broad outline, its operational princi- 

20 pie is as follows: data to be transmitted is included in baseband signals I and 
Q. These signals are applied to an l/Q modulator, in which the signals are 
combined and modulated directly to a final frequency. The final-frequency sig- 
nal is amplified by one or more non-linear radio-frequency power amplifiers 
and passed to an antenna. The amplified radio-frequency signal is sampled 

25 after the last amplifying stage by a directional coupler, for instance. The sam- 
ple signal is applied to the l/Q modulator, in which it is demodulated to the 
baseband, and the I and Q signals are separated therefrom. The baseband I 
and Q sample signals are finally summed to the actual I and Q signals. This 
causes predistortion in the I and Q signals, thanks to which the non-linearity 

30 produced in the power amplifiers is at least partly cancelled. 

In the above-described arrangement, both the l/Q modulator and 
the l/Q demodulator receive a local oscillator signal from the same source. On 
the other hand, the power amplifiers cause delay and the sampled I and Q 
signals return in a wrong phase. This distortion can be compensated by ad- 

35 justing the phase of the local oscillator signal applied to the l/Q modulator or 
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l/Q demodulator considering the delay produced in the power amplifiers. In 
order that the phase error could be corrected, its magnitude has to be meas- 
ured first. EP 0 706 259 A1 discloses one method of measuring and correcting 
a phase error in a Cartesian feedback loop. According to the method, the loop 
5 is broken for the duration of measuring and the measuring is performed by 
feeding excitation signals to the I and Q inputs of the loop and by measuring 
the resultant signals at the outputs of the l/Q demodulator, and further, by cal- 
culating a phase error from the measurement results. The method has a 
drawback that the loop has to be broken for the duration of the measuring, and 

10 consequently switches are required for both feedback branches. Further, the 
transmitter has to be turned off when operating the switches, in order for the 
transmission spectrum not to spread. Moreover, amplification of an open loop 
is typically much higher than amplification of a corresponding closed loop, 
whereby the effect of DC offsets of baseband operational amplifiers and noise 

1 5 on the accuracy achieved with phase measuring is rather high. Amplification of 
the open loop also varies much more than amplification of the closed loop, and 
consequently it is difficult to carry out phase measuring at a given power level. 
US patent publication 5,175,879 discloses phase adjustment of a loop on a 
continuous basis the loop being in a normal closed state. The method employs 

20 a phase detector between the input of a linearization loop and the output of an 
l/Q demodulator. From the output of the phase detector, a phase difference 
signal is further generated by means of an integrator for a phase shifter which 
corrects the phase. One drawback of the method is, for instance, that while 
turning the amplifier on, the linearization loop may jitter and cause spectrum 

25 spreading. Discontinuities of the phase shifter would also cause problems to 
the implementation. 

BRIEF DESCRIPTION OF THE INVENTION 

The object of the invention is thus to provide a method to the effect 
that the above-described problems can be solved. This is achieved by a 

30 method for correcting a phase error in a linearization loop of a power amplifier, 
the loop comprising an l/Q modulator, 1 one or more delay-causing power am- 
plifiers to be linearized, an l/Q demodulator for producing I and Q feedback 
signals from the amplifier output signal, difference means of the I and Q 
branches for producing I and Q difference signals from the I and Q feedback 

35 signals and the I and Q input signals, the l/Q modulator and the l/Q demodu- 
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lator receiving an oscillator frequency from the same local oscillator, and a 
phase shifter, the method comprising determination of a phase error resulting 
from delay produced in the linearization loop, which determination comprises 
feeding excitation signals to the I and Q inputs of the linearization loop, meas- 

5 uring the signals resulting from the excitation signals and calculating the phase 
error by means of the measured signals and excitation signals, and correcting 
the phase error by adjusting a phase of a local oscillator signal passing to the 
l/Q modulator or l/Q demodulator by means of the phase shifter, whereby the 
method is characterized in that when determining the phase error, the signals 

10 resulting from the excitation signals are measured from the I and Q difference 
signals or from the I and Q input signals of the l/Q modulator and that the 
phase error determination is performed the linearization loop being closed. 

^ The invention is based on the idea that when using DC excitation 

signals the phase error can be readily calculated from the I and Q baseband 

15 signals of the linearization loop. A deviation of the measured resultant vector 
angle from the input vector angle indicates directly the phase error. By per- 
forming the measuring with a plurality of I and Q input signal combinations, the 
phase errors of the branches can be averaged. When the excitation signals 
are applied to the I and Q inputs of the linearization loop and the I and Q dif- 

20 ference signals or l/Q modulator input signals are used as measuring signals, 
the phase error can be measured and compensated the linearization loop be- 
ing closed. 

The method of the invention has an advantage that the phase of the 
linearization loop can be adjusted in a normal mode on an accurately defined 
25 power level the loop being closed. The event of measuring and adjusting will 
not make the spectrum spread harmfully to adjacent channels. At the modu- 
lator input, signal levels are typically high, whereby interference signals do not 
cause considerable errors in measuring. 

The invention also relates to a linearization arrangement of a power 
30 amplifier, the arrangement comprising difference means, which form I and Q 
difference signals out of the actual I and Q input signals and I and Q feedback 
signals of the linearization loop, ah l/Q modulator, in which the data- 
containing, baseband I and Q difference signals received from the difference 
means are combined and modulated to a final frequency, one or more delay- 
35 causing power amplifiers to be linearized by which the final-frequency signal is 
amplified whereafter it is applied to an antenna to be transmitted, a sampling 
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arrangement, by which a sample signal is taken from the amplified final- 
frequency signal prior to the antenna, an l/Q demodulator, to which said sam- 
ple signal is applied and in which the sample signal is demodulated to the 
baseband and the I and Q sample signals which form said I and Q feedback 
signals are separated therefrom, a local oscillator, from which a local oscillator 
signal is applied to the l/Q modulator and l/Q demodulator and a phase shifter, 
by which the phase of the local oscillator signal passing to the l/Q modulator or 
l/Q demodulator is shifted for compensating the phase error of the linearization 
loop, the arrangement being arranged to determine the phase error by apply- 
ing DC excitation signals to the I and Q inputs of the difference means of the 
linearization loop and by measuring the resultant signals, and to calculate the 
phase error resulting from the delay in the linearization loop by means of the 
measured signals and the excitation signals, and to correct the determined 
phase error, whereby the linearization arrangement is characterized by being 
arranged to measure the signals resulting from the excitation signals from the I 
and Q difference signals or the I and Q input signals of the l/Q modulator when 
determining the phase error, and by being arranged to determine the phase 
error while the linearization loop is closed. 

By means of a linearization arrangement like this, the method of the 
invention can be implemented by simple circuitries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in greater detail in 
connection with preferred embodiments with reference to the attached draw- 
ings, in which 

Figure 1 is a block diagram of a. linearization arrangement of a 
transmitter power amplifier in accordance with one embodiment of the inven- 
tion, 

Figure 2 illustrates operating states of a phase shifter in accordance 
with one embodiment of the invention, 

Figure 3 illustrates phase error determination in accordance with 
one embodiment of the invention, 

Figure 4 illustrates a change of phase caused by a phase shifter as 
a function of a control value in accordance with one embodiment of the inven- 
tion, 
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Figure 5 is a flow chart of a phase adjustment process in accor- 
dance with one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A linearization arrangement of a transmitter power amplifier in ac- 
5 cordance with Figure 1 comprises, in broad outline, an l/Q modulator 10, an 
l/Q demodulator 11, at least one power amplifier 13 to be linearized, a local 
oscillator 14, a loop phase calculation unit 15, a phase shifter control unit 16 
and a phase shifter 17. The l/Q modulator 10 and the i/Q demodulator 11 op- 
erate on a quadrature modulation principle. It enables two separate signals to 

10 be combined in a transmitter and to be transmitted on the same transmission 
band and to be separated again from one another in a receiver. The principle 
of the quadrature modulation is that two separate signals, I and Q (Inphase 
and Quadrature phase), are modulated using the same carrier frequency, but 
the phases of the carriers deviate from one another in such a manner that the 

15, carrier of the signal Q lags 90° behind the carrier of the signal I. After modula- 
tion, the signals are summed. Thanks to the phase difference, the signals I 
and Q can be separated from one another when demodulating the sum signal. 
For the method to function, the local oscillator signals used by the modulator 
and the demodulator, on the basis of which signals the carrier is formed, must 

20 be mutually of the same frequency and in a correct phase. 

The baseband I and Q signals containing data are applied to the l/Q 
modulator 10, in which they are combined and modulated to a final frequency 
(transmission frequency). The final-frequency signal is forwarded to a non- 
linear power amplifier 13, in which the signal is amplified. There can be a plu- 

25 rality of power amplifier units 13 coupled in series. After amplification, the sig- 
nal RF_OUT is conveyed to an antenna (not shown) to be transmitted. 

The amplified, final-frequency signal is sampled after the power 
amplifier 13 and applied to the l/Q demodulator 11, in which the sample signal 
is demodulated to the baseband and the I and Q sample signals are separated 

30 therefrom. The obtained baseband I and Q sample signals are summed to the 
actual I and Q signals by feeding them to summing means 20 and 21 through 
inverting inputs. The means 20 and 21 can thus be difference amplifiers, for 
instance. This predistorts the signals passing to the l/Q modulator 10 and fur- 
ther to the power amplifier 13 such that the non-linearity caused by the power 

35 amplifier 13 is cancelled to be as low as possible. 
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The local oscillator unit 14 generates an oscillator signal that is ap- 
plied to the l/Q demodulator 11 and via the phase shifter 17 to the l/Q modu- 
lator 10. The phase of the local oscillator signal coming to the l/Q modulator 
10 is adjusted in the phase shifter 17, since the sample signal applied to the 
5 l/Q demodulator 11 and modulated in the l/Q modulator 10 is delayed in the 
power amplifier 13. In order for the sample signal to be correctly demodulated, 
the local oscillator signal and the sample signal to be applied to the l/Q de- 
modulator must be in a correct phase with respect to each other. The delay 
caused to the signal in the power amplifier is thus compensated by the phase 
10 shifter 17. Alternatively, the phase shifter can be located in a signal branch 
leading from the local oscillator 14 to the l/Q demodulator 11 . 

Figure 5 illustrates a phase adjustment process of a preferred em- 
bodiment of the invention for one frequency. For tuning the phase parameters 
of the entire transmitter frequency band, the process is performed on one or 
15 more occasions at one or more frequencies, depending on the implementation 
of the phase shifter. The parameters tuned at different frequencies are stored 
in the memory of the device. 

The blocks of the flow chart operate as follows: 

1) It is tested whether the transmitter is stable 51. 

20 First the transmitter is switched on. To ensure stability, the value of 

an oscillation detector (not shown) is checked and the signals l_UP and QJJP 
are measured. The oscillation detector is based on detecting high-frequency 
interference signals which appear in the baseband I and Q signals of the line- 
arization loop in the course of oscillation. If the amplitude of a high-frequency 

25 interference signal exceeds a given limit value, a conclusion can be made that 
the transmitter is unstable. In addition, the measured IJJP and QJJP signals 
are compared with the preset limit value. If one or both of the signals exceed 
the limit value, the phase error of the linearization loop is about 180°, i.e. the 
transmitter is unstable. If the transmitter is found unstable, a new, better initial 

30 value has to be searched 52 for the phase shifter prior to phase measuring. If 
the transmitter is stable, a direct transfer to step 3) is performed 53. 

2) A stable operating state is searched 52. 

A stable operating state is searched by using the original phase 
shifter 17 control value, indicated by point 0 in Figure 2, as the initial value. In 
35 Figure 2, the mutual distance between points 0 to 9 representing the operating 
state of the phase shifter 17 corresponds to a change M in the control value of 
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the phase shifter 17. First the control value is increased by a predetermined 
amount M, whereby a transfer is performed to point 1 in Figure 2 and stability 
is checked in the same manner as in step 1) 51. If stability is not achieved, the 
original control value is decreased by M, i.e. a transfer is performed to point 2 
5 in Figure 2. If stability is not achieved by this either, the original control value 
will be increased next by 2 x M, i.e to point 3. Next, the original control value is 
decreased by 2 x M, i.e. to point 4. This procedure will be repeated until a sta- 
ble state is found. If a stable state is not found within the whole range of 360°, 
a fault report will be given and the transmitter is prevented from being started. 
10 Trial points can be any other number than the ten points used in this example. 

3) A reference excitation is fed and the signals IJJP and QJJP are 
measured 53. 

A reference excitation is fed to the linearization loop: IJN = 0 V, 
QjN = 0 V and the corresponding signals IJJP and QJJP (l ref = IJJP, Q ref = 

15 QJJP) are measured. This is necessary to have a correct reference point for 
the signals to serve as a zero-poi: • in calculation. At this stage the transmitter 
can be turned off (the linearization loop is broken) or on (the loop is closed). 
This step is not necessary. The step facilitates implementation of the device 
and enables better accuracy of phases. The step can be performed only in 

20 specific less frequently repeated periods than the actual phase adjustment 
process, for instance. 

4) The actual excitation is fed to the linearization loop and the sig- 
nals IJJP and QJJP are measured 54. 

The actual excitation (IJN = l ln , QJN = QJ is fed to the linearization 
25 loop and the signals IJJP and QJJP (l meas = IJJP, Q meas = Q_ up ) ar ^ meas- 
ured. The excitation is typically located on IQ plane on the axes (IJN = Vdc, 
QJN = 0 or IJN = 0, QJN = Vdc or IJN = -Vdc, QJN = 0 or IJN = 0, QJN = 
-Vdc), but it can also be located anywhere else on IQ level. The value of the 
excitation signal typically corresponds to the RMS value of the I and Q signals 
30 of a normal modulated transmission. A higher or lower level signal can also be 
used. The power level set by transmitter power control can be any level, but 
the highest stability is achieved if the transmitter has the same power during 
the measuring as in the normal operation. 

5) The phase error is calculated and the control value of the phase 
35 shifter 17 is corrected accordingly 55. 
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The phase error is calculated from the measured signals by follow- 
ing equations: 

The phase angle a of the actual excitation signals l in and Q in (Figure 
3, point A): 



a = arctan 



a - 1 80° + arctan 



, when /,„ > 0 



, when /,„ < 0 



(1.1) 
(1.2) 



10 



If /„ = 0 and Q,„ > 0, then a = 90° and 
if l m = 0 and Q,„ < 0, then a =270°. 

The phase angle p of the signals / meas and Q meas measured in step 4) 
54 (Figure 3, point B) is given by: 



15 



(3 = arctan 



my. 



Qmews Qrcf 
I mew ~ ^ rcj 



, when (/ meas - U > 0 



(2.1) 



20 



0= 180°+ arctan 



Qmcus Qrcf 

- / 

mens ref 



, when (/ meas - U < 0 



If (Us - U = 0 and (Q meas - Q J > 0, then 0 = 90° and 
if (Us ~ U = 0 and (Q meas - Q J < 0, then ft = 270° 



(2.2) 



25 



, where 

m = 1 , when imbalance of IQ amplitude is not considered and 
l re( and Q re( = the reference points of measuring in accordance with 
step 3) 53 (Figure 3, point C). If the l ref and Q re( values are not determined, they 
are deleted from the formulae (2.1) and (2.2), or alternatively, they are given 

the value zero. 

The phase error 9 is given by: 



30 



9 = p-ct 



(3.1) 
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CONSIDERATION OF IQ AMPLITUDE IMBALANCE 
Consideration of the amplitude imbalance may be necessary, if any 

other vector than one in the direction of the axis I or Q is selected to act as an 

excitation signal. Consideration is effected as follows: 
5 Stepl: 

Excitation signal IJN = V DC1 and QJN = 0 

A phase is searched, the measuring signals being IJJP = the 
maximum and QJJP = the minimum 

IJJP amplitude is measured, IJJP = N 
10 Step 2: 

Excitation signal IJN = 0 and QJN = V DC1 

A phase is searched, the measuring signals being IJJP = the mini- 
mum and QJJP = the maximum 

QJJP amplitude is measured, QJJP = P 
15 Step 3: 

A correction factor m is calculated 

N 

m = — 
P 

which is used for. calculating the phase angle p of the signal to be 
20 measured in accordance with the formulae (2.1) and (2.2). 

The phase error being determined, the control value of the phase 
shifter 17 is corrected for the magnitude of the phase error by the following 
equation: 

PHAt=PHA 0 -^ t 

A 

25 where PHA, is the new control value of the phase shifter 17, PHA 0 

is the old control value in store, 0is the phase error and K is the average slope 
of the phase shifter 17, whereby K = y/x in accordance with Figure 4. The 
phase range determined by a variable y depends on the shape of the phase 
adjustment curve and where the 360 ° point is located on the curve so that the 

30 determined, average slope K would depict the phase adjustment curve of the 
phase shifter 17 as well as possible. The case shown in Figure 4 is intended to 
illustrate the average slope K by way of example only. In Figure 4, the axis 9 C 
represents a phase shift caused by the phase shifter 17 and the axis PHA rep- 
resents the control value of the phase shifter 17. 
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6) Stability of the transmitter is tested 56 as in step 1) 51 by means 
of the new control value of the phase shifter 17. If the transmitter oscillates, i.e. 
it is not stable, a return to step 2) 52 to the beginning of the phase adjustment 
process is performed. If a stable state is not achieved with the following round, 

5 a fault report is given and the transmitter is prevented from being started. 

7) It is checked whether a discontinuity is passed on the phase 
curve 57, when a transfer from the old value PHA 0 to a new value PHA, of the 
phase shifter 17 is made. If yes, a return to step 3) 53 is performed and the 
phase adjustment process is repeated. If the discontinuity is passed also next 

10 time, a fault report is given and the transmitter is prevented from being started. 

Step 7) 57 makes it possible that the phase adjustment range of the 
phase shifter 17 need not be highly accurate. If a phase shifter with continuous 
control is used alone, the adjustment range should in practice exceed 360°, 
since in general the phase adjustment range of the phase shifter is not quite 

15 accurate due to various non-ideal factors. For instance, at different frequen- 
cies the same control value of the phase shifter may cause a different phase 
shift. The adjustment range can be, for instance, 0 to 400°, when the range 
360 to 400° corresponds to the range 0 to 40°. It is ensured thereby that the 
complete 360° will be covered. A discontinuity refers to a point at which, like in 

20 the example, a transfer is made from the value 400° back to the starting value 
0°. Also a change in the state of an optional step phase shifter can produce a 
discontinuity. When using a phase shifter with continuous control and step 
phase shifters together, the adjustment range of the phase shifter with con- 
tinuous control must exceed the largest phase shift caused by the change in 

25 state of the step phase shifte' in order that a continuous phase adjustment 
range would be achieved. If a phase shifter with continuous control, not having 
a discontinuity, is used, this step is not necessary. It is not relevant to the in- 
vention, how the phase shifter is implemented. 

8) Finally, the obtained phase shifter control value PHA, (not 
30 shown) 58 is stored and it is utilized to control the phase shifter 17 at a given 

transmitter frequency range, until the phase adjustment process on said fre- 
quency range is repeated. 

The phase adjustment process can be repeated (at a given fre- 
quency) several times by means of the same or different excitations, whereby 
35 the new control value of the phase shifter 17 can be deduced (e.g. by suitably 
averaging) from the provisional results obtained by different excitations. 
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There are several alternatives to implement the phase adjustment 
process and use it. For instance, the above-described process can be em- 
ployed when initializing a transmitter (e.g. calibration for production), repeated 
at given intervals, when a transmitter parameter changes or on the initiative of 
5 an external excitation signal. 

For instance, the available frequency band of 20 MHz can be di- 
vided into 20 sub-bands, each of which is determined to have a separate con- 
trol value of the phase shifter 17. 

The operations of various steps (1 to 8) of the above-described 
10 phase adjustment process can be performed between normal transmissions at 
a suitable moment. The whole process can be distributed to a plurality of mo- 
ments, for instance, to various time slots of a TDMA transmission. 

The present invention is intended for application to the TETRA 
(Terrestrial Trunked Radio) system, but application of the method of the inven- 
15 tion to systems of any other type is by no means excluded. It is obvious to a 
person skilled in the art that as technology advances the basic idea of the in- 
vention can be implemented in a variety of ways. Thus the invention and its 
embodiments are not restricted to the above-described examples but they can 
vary within the scope of the claims. 
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CLAIMS 

1. A method for correcting a phase error in a linearization loop of a 
power amplifier, the loop comprising an l/Q modulator, one or more delay- 
causing power amplifiers to be linearized, an l/Q demodulator for producing I 

5 and Q feedback signals from the amplifier output signal, difference means of 
the I and Q branches for producing I and Q difference signals from the I and Q 
feedback signals and the I and Q input signals, the l/Q modulator and the l/Q 
demodulator receiving an oscillator frequency from the same local oscillator, 
and a phase shifter, the method comprising 

10 determination of a phase error resulting from delay produced in the 

linearization loop, which determination comprises feeding excitation signals to 
the I and Q inputs of the linearization loop, measuring the signals resulting 
from the excitation signals and calculating the phase error by means of the 
measured signals and excitation signals, and 

-15 correcting the phase error by adjusting a phase of a local oscillator 

signal passing to the l/Q modulator or l/Q demodulator by means of the phase 
shifter, 

characterized in that when determining the phase error, the 
signals resulting from the excitation signals are measured from the I and Q 
20 difference signals or from the I and Q input signals of the l/Q modulator and 
that 

the phase error determination is performed the linearization loop 
being closed. 

2. A method as claimed in claim 1, characterized in that the 
25 excitation signals applied to the I and Q inputs of the linearization loop are 

positive or negative direct current signals and one of them can have the value 
of zero. 

3. A method as claimed in claim 2, c h a r a c t e r i z e d in that a 
phase angle (a) of a vector formed on the IQ plane by the applied excitation 

30 signals is calculated. 

4. A method as claimed in claim 3, characterized in that a 
phase angle (p) of a vector formed on the IQ plane by the measured signals 
resulting from the excitation signals is calculated. 

5. A method as claimed in claim 4, characterized in that an 
35 average phase errpr (0) is given by: 6 = p-a. 
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6. A method as claimed in claim 5, characterized in that a 
control value (PHA) of the phase shifter is corrected according to the phase 
error (0). 

7. A method as claimed in any one of claims 1 to 6, charac- 
5 terized.in that prior to determining the phase error a stable operating state 

is searched for the linearization loop, if necessary. 

8. A method as claimed in any one of claims 1 to 7, charac- 
terized in that the phase error is determined from the phase errors calcu- 
lated on the basis of a plurality of excitation signals having the same or differ- 

10 ent level advantageously by averaging. 

9. A method as claimed in any one claims 1 to 8, character- 
ized in that the phase error is determined separately for each sub-band of 
the frequency band used by the power amplifier. 

10. A linearization arrangement of a power amplifier, the arrange- 
15 ment comprising 

difference means (20, 21), which form I and Q difference signals out 
of the actual I and Q input signals (UN, Q_IN) and I and Q feedback signals 
of the linearization loop, 

an l/Q modulator (10), in which the data-containing, baseband I and 
20 Q difference signals received from the difference means (20, 21) are com- 
bined and modulated to a final frequency, 

one or more delay-causing power amplifiers (13) to be linearized by 
which the final-frequency signal is amplified whereafter it is applied to an an- 
tenna to be transmitted, 
25 a sampling arrangement, by which a sample signal is taken from the 

amplified final-frequency signal prior to the antenna, 

an l/Q demodulator (11), to which said sample signal is applied and 
in which the sample signal is demodulated to the baseband and the I and Q 
sample signals forming said I and Q feedback signals are separated there- 
30 from, 

a local oscillator (14), from which a local oscillator signal is applied 
to the l/Q modulator (10) and l/Q demddulator (11) and 

a phase shifter (17), by which the phase of the local oscillator signal 
passing to the l/Q modulator (10) or l/Q demodulator (1 1) is shifted for com- 
35 pensating the phase error of the linearization loop, 
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the arrangement being arranged to determine the phase error by 
feeding direct current excitation signals to the I and Q inputs (IJN, Q_IN) of 
the difference means (20, 21) of the linearization loop and by measuring the 
resultant signals, and to calculate the phase error resulting from the delay in 
5 the linearization loop by means of the measured signals and the excitation 
signals, and to correct the determined phase error, 

characterized by being arranged to measure the signals 
resulting from the excitation signals from the I and Q difference signals or the I 
and Q input signals of the l/Q modulator (10) when determining the phase er- 



and by being arranged to determine the phase error while the line- 
arization loop is closed. 

1 1 . An arrangement as claimed in claim 10, characterized 
in that the phase shifter (17) comprises a phase shifter with continuous control 
15 and one or more step phase shifters. 
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